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The brain is able to flexibly select behaviors that adapt
to both its environment and its present goals. This cog-
nitive control is understood to occur within the hierar-
chy of the cortex and relies strongly on the prefrontal
and premotor cortices [1], which sit at the top of this
hierarchy. Pyramidal neurons, the principal neurons that
form the basis of the functional circuits in the cortex,
have been observed to exhibit much stronger responses
when they receive inputs at their soma/basal dendrites
that are coincident with inputs at their apical dendrites
[2]. This corresponds to receiving inputs simultaneously
from both higher-order regions (feedback) and lower-
order regions (feedforward) [3]. In addition to this, tem-
poral coherence between oscillations, such as gamma
oscillations, in different neuronal groups has been pro-
posed to modulate and route communication in the
brain [4].
In this study, we develop a simple, but novel, neural
mass model in which cortical units (or ensembles) of pyra-
midal neurons and inhibitory interneurons exhibit gamma
oscillations when they receive coherent oscillatory inputs
from both feedforward and feedback connections. In this
way, the activity of these units is gated by both top-down
feedback and oscillatory coherence. We demonstrate how
these units can be connected into circuits to perform logic
operations (e.g., A OR B OR C) and identify the different
ways in which these operations can be initiated and
manipulated by top-down feedback. We show that more
sophisticated and flexible top-down control is possible
when the gain of units is modulated by not only top-down
feedback but by oscillatory coherence. Specifically, it is
possible to not only add units to, or remove units from,
the operation of a higher-level unit using top-down feed-
back, but it is also possible to modify the type of role that
a unit plays in the operation. Finally, we explore how dif-
ferent network properties affect top-down control and
processing in large networks. Based on this, we make pre-
dictions about the likely connectivities between certain
brain regions and relate our findings to those of experi-
mental studies, where neurons in different cortical regions
are recorded during goal-directed, behavioral tasks [1].
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